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ROUGHNESS  SPACING  IN  RIGID  OPEN  CHANNELS 


Discussion  by  P„  F„  Biery  and  Je  W„  Delleur 
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Po  F„  BIERY  ,  AMo  ASCE  and  J„  W.  DELLEUR  ,  Mo  ASCE 

The  authors  are  to  be  congratulated  for  a  very  lucid  presentation 

on  the  effect  of  longitudinal  and  transverse  spacing  of  roughness  on  the 

flow  in  rigid  open  channels „  The  discussers  wish  to  extend  the  paper 

by  al      ihe  result  of  applying  Sayre  and  Albertson's  analysis  to  a 

different  type  of  roughness  element  consisting  of  round  bars,  and  to 

consider  a  possible  extension  to  field  conditions „ 

tests  were  performed  in  a  steel  tilting  flume  5  feet  wide, 

2  feet  deep  and  6k   feet  long,,  Uniform  flow  tests  were  run  with  two 

different  boundary  roughness  patterns »  The  first  roughness  pattern, 

which  will  be  referred  to  as  smooth  boundary,  consisted  of  the  steel 

flume  walls  finished  with  an  epoxy  resin  paint.  The  second  roughness 

pattern,  which  will  be  referred  to  as  rough  boundary,  consisted  of  -£«inch 

aluminum  rods  as  follows:  a)  along  the  bottom  a  layer  of  longitudinal 

bars  placed  12  inches  on  center  and  a  top  layer  of  transverse  bars  6 

inches  on  center,  b)  along  the  side  walls  one  layer  of  vertical  bars 

6  inches  on  center  placed  £  inch  from  the  walls  The  bottom  layer  of 

bars  were  tied  together  with  wire,,  The  vertical  Lars  were  tied  at  the 

bott       3  transverse  bars  and  clamped  to  the  walls  above  the  free 

surface,  Figure  13  shows  the  artificial  roughness  in  place0 
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Uniform  flow  tests  were  run  for  smooth  and  rough  boundaries,,  The 
Darcy-Weisbach  friction  factor,  f ,  was  calculated  from  the  equation 

f  C  8gRnSAn  (32) 

where  V  is  the  average  velocity,  R  is  the  hydraulic  radius,  and  S  is 

the  slope o  In  figure  14  the  friction  factor,  f,  is  plotted  versus  the 

V  R 
Reynolds  Number  RQ  =   n  n  vihere  y  is  the  kinematic  viscosity  of  the  fluid,. 

The  roughness  elements  used  here  are  different  from  those  used  by 
3ayre  and  Alberts on.  In  particular,  there  is  a  definite  amount  of  flow 
under  the  roughness  elements,.  Figure  15  shows  a  qualitative  sketch  of  the 
flew  around  the  transverse  bars,,  Centerline  velocity  profiles  measured 
very  close  to  a  transverse  bar  and  at  a  point  midway  between  transverse 
bars  are  shown  in  fig,,  16  ,> 

Six  tests  were  run  to  determine  the  roughness  parameter,  Y    .  In 
order  to  have  fully  rough  turbulent  flow,  the  flume  was  set  to  its  maximum 
slope  of  0o0125o  The  test  data  are  given  in  table  II, 

A  plot  of  Cj/\j  g  against  log  y  /a  similar  to  fig,  5  was  prepared; 
Taking  the  roughness  height,  a,  equal  to  |  inch,  (that  is,  the  total  height 
of  the  two  layers  of  bars  along  the  bottom) ,  it  was  found  that  the  points 
plotted  along  a  straight  line  with  a  slope  of  6,06  confirming  the  empirical 
constant  in  equ„  (17)  •>  The  extrapolated  value  of  C2  was  3>15<>  With  these 
values  of  C2  and  a,  Y  was  determined  to  be  Go0126  feetc 

Centerline  velocity  profiles  were  taken  at  a  slope  of  0,0125  and  a 
discharge  of  3>714  cfse  The  profile  is  shown  in  dimensionless  form  in 
figure  17,  where  it  is  compared  to  the  velocity  profile  presented  in  fig.  9 
and  equ.  (20),;.  The  equation  obtained  for  round  bar  roughness  was 

£=-  ■=  6.06  log  -~Z—  +  4.6  (33) 
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It  is  interesting  to  note  that  with  the  change  of  roughness  pattern  the 
first  of  the  empirical  constants,  6,06,  checked;  but  the  second  constant 
changed  from  2,6  to  4,6,  The  difference  is  attributed  to  that  fact  that 
the  roughness  baffles  used  by  Sayre  and  Albertson  were  placed  in  such  a 
way  that  there  was  no  flow  beneath  the  roughness  elements,  whereas  there 
was  a  certain  amount  of  flow  underneath  the  transverse  bars  used  in  ex- 
periments reported  in  this  discussion- 

If  -  equ,,  (20)  is  accepted  for  the  bar  roughness,  it  would  be  possible 
to  find  the  value  of  an  equivalent  roughness  height,  a,  for  the  round  bar 
roughness „  Equating  equs,  (20)  and  (33),  the  equivalent  roughness  para= 
meter,   y  ,  for  the  round  bars  is  found  to  be  oC059ftoReplacing  this 
value  of  y  in  equ,  (19)  with  C2  =  3*15,  and  solving  for  a,  one  obtains 
a  *  ,0195  ft,  ■»  o234  in.,  which  is  close  to  the  diameter  of  the  bar  of 
0o25  in,,  It  may  then  be  concluded  that  equ,  (20)  for  the  velocity  dis- 
tribution may  also  be  used  for  round  bar  roughness  with  a  reasonable  degree 
of  accuracy  by  considering  the  roughness  height  equal  to  the  diameter  of 
the  transverse  bars,. 

Fig.,  18  shov.r3  a  portion  of  the  general  resistance  diagram  of  Fig,  109 
"with  test  data  for  the  bar  roughness  added,  where  the  values  of  7/  Y   in- 
dicated correspond  to  a  value  of  V  of  0,0126  ft.  There  is  a  generally 
good  agreement. 

It  is  probable  that  the  roughness  parameter ,?   v  ,  may  also  be  used 
in  natural  streams,  where  it  could  be  determined  from  velocity  measurements 
at  0o2yn  and  0,8 yn  which  are  commonly  used  in  field  measurements. 
Equations  (20)  or  (33)  can  be  rewritten  as 

v  =  6,06  vf  log  2_  .  6.06  Vf  log  3[/Vn  (34) 
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where  U  »  yQ/g  v     and 

G(U)  -  (log  U)3  -  3(log  U)2  -  6  log  U  -  6  (40) 

Based  on  the  velocity  profile  of  fig,  13,  the  value  of  <\    computed  by 
equ  (39)  was  found  to  be  loOlo 

The  authors  have  shown  that  equ.  (17)  is  more  accurate  than  Manning's 
formula  over  the  range  of  conditions  tested,,  The  discussers  have  shovm 
that  equo  (17)  is  also  applicable  to  a  different  type  of  roughness,  and 
that  the  Y  parameter  may  be  used  for  field  conditions  where  it  can  be 
obtained  from  velocity  measurements  at  two  and  eight  tenths  of  the  depth. 
The  discussers  hope  that  sufficient  information  on  the  roughness  parameter, 
V  ,  may  be  collected  in  the  near  future  so  that  designing  engineers  can 
use  it  reliably  for  field  channels  and  natural  streams,  perhaps  even  in- 
cluding channels  in  alluvial  terrains 


TABLE  II  ~  TESTS  FOR  THE  ROUGHNESS  PARAMETER  X 
A)  Normal  Depth  Tests 
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B)  Velocity  Profile  Data  (  y  measured  from  the  bottom  ) 
0  =  3  714  ofs  ;  y  «  0.275  ft,  ;  S  -  0,0125 
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FIGURE  14-    f  -  Re       RELATION    FOR  NORMAL 
DEPTH  TESTS 
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FIGURE    15- QUALITATIVE     SKETCH   OF   FLOW  AROUND 
ROUGHNESS       ELEMENTS. 
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FIGURE    16   -     EFFECT   OF    BARS     ON     VELOCITY. 


FIGUREI7-DIMENSI0NLESS      VELOCITY      PROFILE 
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Note:   R    Substituted    for   y  in    Smooth   Boundary    Data. 
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FIGURE   18  -    GENERAL    RESISTANCE    DIAGRAM    FOR     UNIFORM 
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